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design and maintenance, and the 
humans that fly and maintain 
them. The Act explicitly stated, 
among other things, that the FAA 
must establish a program that 
addresses human performance 
in maintenance.   Like an aircraft 
in design the first response to 
the Aviation Safety Act was a 
committee much like an aircraft’s 
Maintenance Steering Group 
(MSG). I was a member of that 
committee and helped write the 
The FAA National Plan for Aviation 
Human Factors, published in 1991. 

The National Plan was followed 
from program inception, when 
congressional earmarks provided 
as much as $1.6 Million/per for 
maintenance research, to the 
late nineties when the Safety 
Act funding expired. By the 
year 2000, Maintenance Human 
 

Factors funding had to revert to the normal FAA R&D budget, 
which was adjusted to about 25% of the resources available 
throughout the nineties.  That change, while significant,
demonstrated how commercial maintenance organizations, 
airlines, and consulting companies have assumed much of 
the activity formerly done by the FAA.  That is a success story!
 

Operational History 

Like an aircraft historical review, it is good to consider service 
history.  An aircraft operating many daily segments requires 
different maintenance than one that flies one long segment 
per day. The nearly 30-year service activity of the FAA’s
maintenance human factors research program has three
life phases.   In the first phase, from the years 1988 to 2000, 
the program was directed by the Washington, DC Office of 
Aviation Medicine, with long-term program continuity and 
a tenure of FAA personnel and program contractors.  The
program had extensive senior management support and
lots of congressional earmark funding.  From the years 1988 
to 2000, the FAA, with industry and other national aviation 
authorities, conducted 21 international conferences on
Maintenance Human Factors.  The human factors conference 
size ranged from 70 delegates, in 1988, to nearly 1,000 in
the year 2000.   At the same time the FAA issued multiple
research grants and contracts to universities and commercial 
engineering companies. The FAA was extremely diligent
about publishing all of the conference proceedings, reports, 
and project tools.   The materials were first on paper, then on 
CD ROMSs and DVDs, and finally transferred to the web to
including all legacy and subsequent documents.  The website, 
www.humanfactorsinfo.com, continues to be supported and 
is absolutely the largest and #1 maintenance human factors 
information source in the world. 

Phase 2 started during the days after 911. The effects of 911 

put the human factors program in a bit of “tailspin,”  in the 
early to mid-2000s.  A radical reduction in personnel and 
funding slowed research as well as the annual Human Factors 

conference.  Industry ability to travel to conferences stopped.   
About that time, the international partners each embarked on 
their own HF efforts.  Most significant in the time period was 
the establishment of the European Aviation Administration 
Agency, with their new human factors regulations. 

Phase 3 started about 2005-2006.   At that time, the 
management of the program changed, FAA leadership 
interest increased, and FAA began working with the Civil 
Aerospace Medical Institute and Industry partners to renew 
the program.  A new focus on applied research and on 
development of tools and processes for industry has led to 
a prosperous 10-year period.  One of the most noteworthy 
parts of FAA’s maintenance human factors program is the 
past 10 years of human factors training for all Airworthiness 
Inspectors.  All airworthiness inspectors receive a 3-day course 
in human factors. Many inspectors have repeated the course 
for recurrent training. 

Good research and development must be based on sound 
scientific principles.  Good products must be validated and 
evaluated in operational environments.  That process is critical 
activity always going on in a quality program.  The reports 
from those “scientific”  studies are often more interesting to 
other scientists, psychologists, engineers, and researchers 
than to operational maintenance personnel. The reports are 
all published on the FAA website (www.humanfactorsinfo. 
com). The tools like videos, training materials, and guidelines 
are more tangible to the aviation maintenance community 
and to FAA inspectors. Thus they are the more visible part 
of the program.  It is worthwhile to list some of the example 
tangible products, see Table 1, that were delivered in the past 
10 years of the program. 
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Figure 1. Most of your brain power is needed in a controlled task. A novice 
will need to use  most of their cognitive resources to complete a new task. 	 	

How Do Experts Make 
Mistakes? 
By Dr. Michelle Bryant 
Research Psychologist for the Civil Aerospace Medical 
Institute 

I had the pleasure of attending two 
Inspection Authorization (IA) Renewals 
early this year and had a wonderful time 
at both. While speaking at each, I noticed 
there were many interested expressions as I 
briefly explained the two primary processes 
by which humans perform tasks; automatic 
and controlled processes. Briefly, an
automatic process is one that has been well 
practiced, requires little to no attention, and 
can be done at the same time as other tasks. 
A controlled process is the opposite. It is a 
task that requires most of your attention to 
do well because you have not had extensive 
practice completing the task. 

Why does any of this matter to AMTs? 

Understanding which tasks are controlled 
and which ones are automatic for an AMT 
is important for two reasons. First, not only 
do you want to know which tasks are more 
susceptible to error but you also want to 
know why. If a change has been made to 
a protocol you have been following for the 
last 15 years, as an expert, you are likely 
to fail to follow the procedure as written 
and perform it as you have for the last 15 
years. However, if you are not familiar with 
a task, this same protocol change would 
not likely result in the same kind of error. 
This is because as a novice, you were likely 
following the directions more closely, 
in a step-by-step fashion. Knowing your 
limitations (which tasks you are an expert 
on, and which you aren’t) help to identify 
which approach you likely take when 
performing a task and which kinds of errors 
to which you may be prone. 

The second reason it is important to know 

which tasks are 
a u t o m a t i c a l l y   
processed and
which are not
is that you can 
increase your
awareness of how 
other factors may 
negatively impact 
your performance. 
Take fatigue from 
the Dirty Dozen for 
example.If you are 
fatigued, you will 
rely a great deal
on your automatic 
processing to
perform a task 
(experts and
novices alike). This 
is because when
you are fatigued, 
your brain is finding 
any and every
way to preserve 
its resources.
Essentially, you’re 
on autopilot. While 

autopilot may work well in general, when 
something occurs that is unexpected, an 
AMT will need to be able to refocus their 
attention to adequately perform the task. If 
the AMT is fatigued, there is a risk that there 
will not be enough brain power to detect 
the unexpected event, and/or have enough 
brain power to adequately problem 
solve the event. Therefore, fatigue can be 
especially detrimental for tasks that you 
have a great deal of experience with or feel 
most confident about your performance. 

To further illustrate the differences between 
automatic and controlled processes, let’s 
examine a report from the Aviation Safety 
Reporting System (ASRS). 

“I [felt] that I safe tied the 3 bolts with a single 
piece of safety wire. I don’t know how and 
when the safety wire came off. The nuts were 
found to be not safe tied on the following 
day. According to aircraft history, there [was] 
no history between my tire change and the 
following day. The nuts were found on a [walk
around], by a pilot or FAA [inspector] and 
corrected by maintenance. This was brought 
to my attention by my 3rd shift manager on 
[the day it was discovered]. The only things 
that could have contributed to me not safe 
tying the 3 bolts [were]: accomplishing the 
‘weekly check’ by myself and trying to finish 
in a timely manner, distractions from the fuel 
control change, and trying to make sure I had 
my work done before the other guys were 
done and ready to run-up the engine, poor 
lighting, and 3rd shift work can be very tiring. 
None of these are good excuses for missing a 
safety.” 

 
 

 

 

 

 

 

Automatic vs. Controlled Processes 

From the details of the narrative highlighted 
above, the AMT who did not install the safety 
wire was working routine maintenance on 
the main gear wheel of an MD-80 aircraft. To 
complete the task, the procedure requires 
that the bolts be safe tied together. Tying 
bolts together via safety wire is required 
for any tasks where bolts cannot be locked 
into place. It is a common procedure used 
on such areas of aircraft as the propeller 
bolts, control system linkages, areas of 
movement, engines, or vibration, among 
others. Therefore, this example is a good 
one to examine when understanding how 
automatic and controlled processes work 
when performing a task. 

Let’s start at the beginning when the 
reporter states, “I [felt] that I safe tied 
the 3 bolts…” It is likely that this AMT has 
performed many tasks where safe tying 
the bolts together was the final step of the 
procedure, and therefore found it difficult 
to believe that s/he did not complete the 
step. In fact, if we were to question the 
reporter today, s/he would likely be able 
to verbally list the steps for completing the 
maintenance on the main gear wheel of an 
MD-80 from memory. The reporter in this 
example highlights a common experience 
of experts. 

That is, if an expert is asked to recall how 
they performed a task on a specific date, the 
expert is likely to only recall the steps of the 
task, rather than the way they performed 
in that particular instance. This happens 
because the expert does not think about 
each individual step in a task. Rather, they 
think of the task as a whole with the end 
product in mind. This perspective will only 
change if there is an unexpected event, 
distraction, or other resource-intensive 
process that occurs while the task is being 
performed (more on this in the Dirty Dozen 
section of this article below). When any of 
these things happen, the step could either 
be skipped or, if more attention is given to 
the task, shift from an automatic process to 
a controlled process. 

If you look up how to safe tie bolts on 
the internet, you will find several how-to 
videos that outline how to perform this task 
from a step-by-step, or controlled process, 
perspective.  The step-by-step approach 
allows for a novice, or someone who has not 
practiced a task extensively, to successfully 
complete the task by conducting smaller, 
incremental steps. The controlled process 
approach will be used on tasks that have 
not been practiced long enough for the 
task to be automatic. When an AMT is just 
learning any task, s/he will typically follow 
the steps one by one without thinking too 
far ahead. This happens because the brain is 
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using up much of its resources (brain power) to perform the steps in the task, and 

doesn’t have much left over to use to think about the task as a whole. 
 


What’s highlighted from these points is that it is important to know if the AMT has 

experience with the task we’re asking him or her to perform. Whether s/he does 
or doesn’t will impact the way in which s/he will go about completing the task.
 
 

Experts vs. Novices 

Though experts and novices work from different processes, skipping a step can 
routinely occur to both. For example, the expert may not refer back to a manual 
when interrupted by his or her manager to give a status update. This introduces 
the risk of skipping a step due to an overreliance on memory to get the job done. If 
put into the same position, a novice is more likely to have referred back to the task 
card but his or her inexperience makes it difficult to recognize which steps have 
already been completed (e.g., if the bolt is torqued appropriately). This introduces 
risk of missing, or skipping a step due to not recognizing whether a task has been completed. Therefore, awareness of how 
work cards and procedure manuals can be used to protect both novices and experts from committing errors, especially in a 
fast-paced hangar, can increase safety and decrease risk of an error. 

 


 


How the Dirty Dozen Fits In 

Let’s revisit the incident report.  At the end of the report, the reporter lists some possible causes for why s/he may not have 
safety tied the bolts: checking their own work, time pressure, distraction from other maintenance tasks going on at the 
same time, poor lighting, and working night shift. Now that we understand that the AMT is likely completing the task using 
automatic processing, we can see how the factors s/he identified may individually, or as a complex system, result in skipping 
the safe tying portion of the task. That is, as mentioned in the introduction, if the AMT was fatigued and relying on his/her 
expertise to complete the task, s/he was more likely to skip this last step due to a lack of brain power (cognitive resources). 

Summary 

The most important point to take away from this article is that both expert and novice AMTs are susceptible to error for 
different reasons. Additional contributing factors identified best as the Dirty Dozen can increase the risk of those errors. 
However, since the reason behind the error is completely different for experts and novices these increased risks must also be 
approached differently. One such way to do this may be to identify the experts and novices in your organization. For experts, 
this may mean starting with mitigation strategies that bring them out of their automatic processes, and into more controlled 
processes. Doing so will inherently slow down some of your expert performers. This is risky in the maintenance world where 
money and time require speed and efficiency. Therefore, a balance will need to be struck between slowing experts down 
just enough to mitigate errors and still get the job done quickly. For novices, the approach is different. Begin with mitigation 
strategies that do not interrupt their controlled processes. For example, insulate your novices from frequent interruptions 
and distractions. If this isn’t possible, then limit those interruptions to the best of your ability. This can, in some ways, increase 
productivity of your lesser experienced AMTs by keeping them “in the zone”. 

These kinds of solutions are by no means a one
size-fits-all. However, by starting here, you begin the 
process of considering and addressing expert/novice 
performance risk in your organization. Additionally, 
using your SMS to consider these human factors 
can be a gateway for determining relevant 
countermeasures for your organization while creating 
a resilient workforce within your company. 



EDITOR’S NOTE 
 

For questions regarding this 
article, please contact Dr. 
Michelle Bryant at michelle. 
bryant@faa.gov.

Figure 2. When performing a well-practiced task, you will often run on 
autopilot, leaving  a lot of brain power left to do other tasks. An expert will 
be able to complete a familiar task, while performing other activities fairly 
easily. 
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Maintenance Line Operations
Safety Assessment (MLOSA) at 
Air France: A Three-Year Journey
 
By Christine Zylawski, Flight Safety Delegate, Air France Industries  
Maggie Ma, Ph.D., Associate Technical Fellow, Boeing Commercial Airplanes 

 



 

Air France Industries (AFI) launched its Maintenance Line Operations Safety Assessment 
(MLOSA) program with Boeing’s assistance in November 2014, using a strategically 
phased campaign approach (Ma & Zylawski, 2016; Zylawski & Ma, 2016). 

In the past three years, the program has come a long way evolving through four 
phases: 

 

  

  

   
 

 
 

  
















Q2 2016 

262 observations 
Q4 2016 

Component 
shops 

700 AMTs involved 
23 LOSA observers 
301 observations 

Line & Base 
Maintenance 

1500 AMTs involved 
26 LOSA observers 
406 observations 

Q1 2015 

Engine shops 
00 AMTs involved 

42 LOSA observers 
6 

Toulouse Base 

Maintenance Center 


187 AMTs involved 

21 LOSA observers 

130 observations 


Q2 2017 


AFI LOSA analysis expertise & 
recognition of program’s value 

Charles de Gaulle Airport (CDG), Paris Orly Airport (ORY), & Toulouse Blagnac Airport (TLS) - 20172014 

Figure 1. Phases 1-4 of MLOSA Campaign at AFI 

A fifth phase (planned in 2018) will focus on Nacelle and Thrust Reverser Repair 
shops. MLOSA campaign has become a part of annual AFI Corporate Safety Action 
Plan, which is associated with a compliance target. After the fifth phase of MLOSA, 
AFI will not resume active observations in a given business unit that has already 
participated in MLOSA, until the relevant action plan from previous observations has 
been implemented and accomplished. 

An Assessment of Overall Effectiveness 

MLOSA has brought specific enhancement to maintenance operations in the following 
areas: 

(1) Technical solutions (a majority of them were 
employees initiated) 
(2) Work process improvements 
(3) Training innovation 

In Phases 1 and 2 of the MLOSA implementation, 
frontline Aircraft Maintenance Technicians 
(AMTs) helped to improve “Change of oxygen 
bottle/cylinder”  task for multiple airplane 
models and design a safer “HALON gas sample 
tool.” AFI has adopted key management and 
access control cabinets in the tooling rooms, 
which significantly enhanced the efficiency 
and traceability of checking-out and returning 
process of tools. A major project is in progress 
to further improve the efficiency of tooling 
processes, i.e., Radio-frequency Identification 
(RFID) is under evaluation. 

6 


 MLOSA has been found to empower 
frontline AMTs, which in some cases 
directly led to technical solutions. 
For example, Hydraulic Pumps 
Test Cell workshop is known for its 
high temperature and dangerous 
Skydrol vapor. Hydraulic pumps 
allow hydraulic fluid to circulate 
from the reservoir into the circuits, 
which powers flight controls, landing 
gear brakes or landing gear systems 
maneuvers. During testing, Skydrol is 
injected to the hydraulic pumps at a 
heated temperature of 60 Celsius (140 
Fahrenheit) to test the performance 
of the hydraulic pumps (e.g., pressure, 
flow, leakage). MLOSA observers 
discovered that the lighting in the Test 
Cell was inadequate, and AMTs tended 
to pause their operations very often to 
get away from the high temperature 
and Skydrol vapor for a few minutes at a 
time. The work environment presented 
health threats. Stepping out frequently 
(AMTs’ current mitigation of safety 
threats) interrupted the task, which may 
lead to errors. Observational data drove 
a more effective solution – installing 
an extractor ventilation fan. The entire 
team that works in the Test Cell was 
mobilized to assist a subcontractor, 
and installed the fan above the test 
bench. Consequently, the fan ventilates 
the room by eliminating the Skydrol 
vapor and helps to keep the room 
temperature down. Lighting of the test 
cell was also improved. 

Based on MLOSA findings, AFI has 
launched a project to digitalize 
maintenance documentation. A future 
tool will help to harmonize and align 
the information system between 
Air France and KLM Engineering & 
Maintenance, while streamlining the 
process of managing the technical 
documentation within the AFI group 
(i.e., from documentation update to 

Figure 2. 11-Item Maintenance Best Practice Reminders 
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distribution through a new intranet/output Portal).
 
 
MLOSA team created a set of 11-item Maintenance Best Practice Reminders (see Figure 2). Each reminder includes 
 

basic rules and tips to promote frontline employees’ best practices, which traditionally rely on coaching and constant 
 

monitoring by the frontline management. 
 


In addition to revamping maintenance human factors training, delivering training tutorials on Ground Support 
Equipment using TechPad (iPads for AMTs at AFI), AFI introduced a new generation of iPads with enhanced connectivity 
performance, as well as strengthened the technical English training for AMTs. 

An Effective Tool for Risk Management 

Over the last two decades, traditional System Safety approach using Safety Assessment tools has evolved into a more 
holistic “Safety Management System (SMS)” approach. Regulations and guidance now exist in most safety-related 
industries. One of the major components of an SMS is Risk Management. Risk Management requires that safety of flight 
hazards be identified and assessed for risk, and that unacceptable risk be mitigated to acceptable levels. Analysis of 
the risks can provide feedback to management as to the success or failure of policy decisions, design decisions, and so 
on. Airline operators carefully manage their maintenance activities, which are critical to the success of overall business, 
safety management, and customer experience. MLOSA is a tool in the SMS toolset using a predictive approach in 
hazard identification and risk management, which aims to meet the highest standards demanded by regulators and 
customers. 

MLOSA is powerful in safety diagnosis utilizing field observations, consequently allows an organization to measure, 
quantify, and understand un/safe performance as well as superior vs. poor performance. MLOSA observations also 
shine light on group norms and shortcuts. Recommendations are derived from a scientific and standardized analysis 
of field observations. At AFI, MLOSA findings and recommendations have been well accepted because they do not 
point fingers at an individual, a team or a business unit. AFI executive management made it very clear that embracing 
MLOSA results and implementing recommendations are the responsibility of the whole organization. 

Traditionally AFI SMS had been focusing on reactive event investigations and analyzing voluntary reporting of 
maintenance occurrences. Starting in January 2016, AFI adopted Systemic Safety Analysis using Bowtie analysis tool to 
identify and analyze latent conditions deep in the organization that set the context for maintenance events (see Figure 
3). Systemic Safety Analysis approach allows the organization to identify the extent of its contribution to the causes 
of different types of safety occurrences, and generate a comprehensive plan of corrective actions to address latent 
organizational deficiencies. Specifically, a bowtie record is created for each maintenance event. On a regular basis, all 
bowtie records will be analyzed and compared to LOSA reports, which will inform organization’s recommendations of 
corrective actions. LOSA data and analysis complete the picture of risk management by identifying threats, unmanaged 
errors/ undesirable state, and weak barriers. 
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EDITOR’S NOTE 
 

For questions regarding this 
article, please contact Dr. 
Maggie Ma at maggie.j.ma@ 
boeing.com or Christine 
Zylawski at chzylawski@ 
airfrance.fr 

Return on Investment 

AFI is convinced that MLOSA findings and implemented recommendations have helped 
the organization to avoid costs related to aircraft damage, delays, aircraft downtime due 
to maintenance errors, reworks and interruptions, employee injuries and so on. Because 
individual threats are identified and addressed through MLOSA, AFI is able to reduce 
probability and severity of associated risks. 

MLOSA has proven to be very effective in empowering frontline employees and promote 
a positive safety culture. Multi-phased MLOSA campaign has mobilized a significant 
number of frontline professionals (e.g., observers, observees), which not only improved 
the risk management practices at the frontline level, but also transformed those frontline 
professionals into the best safety spokespersons and allies. AFI realized that (1) it is critical 
to seize the “safety momentum” by implementing recommendations as soon as possible, 
and (2) keep the entire workforce informed that improvements and changes have become 
possible and taken effects due to their participation. 

MLOSA has made a significant impact on enhancing safety culture in three areas (see 
Figure 4): (1) helping frontline employees maintain risk consciousness, (2) raising employee 
awareness of AFI safety philosophy/policies/reporting procedures, and (3) raising 
management awareness in its role in shaping a positive safety culture and disseminating 
safety information. This is a major step forward. After four phases of MLOSA campaign, 
AFI now has over 100 trained MLOSA observers, who have become the ambassadors of 
safety by displaying different perspective on safety and projecting a positive influence on their coworkers. AMTs no longer wait for 
things to happen, instead they initiate the change. MLOSA campaign has increased self-reporting and people are more willing to bring 
things up because the frontline workers understand and trust that AFI management takes reports seriously and works hard to solve 
the reported issues. Once action plans are proposed, MLOSA team goes back to the observers for validation of those solutions, which 
tremendously enhance the buy-in of the frontline workers. At Phase 4 closing ceremony, sponsoring Vice President of Engine Services, 
M. José-Marie Louis said “I can count on you and you can count on me.” MLOSA offers an opportunity to renew the link between top 
management and frontline workers. 

Over the last three years, targeting at “Generative” level, AFI has transitioned from “Reactive” to “Calculative” safety culture, (referring to 
the pathological-reactive-calculative-proactive-generative safety culture maturity model).  MLOSA is a precious tool that boosts this 
culture evolution and has offered a better perception of individual responsibility towards safety promotion and good work practices. 

Figure 4. MLOSA Uses a Grassroots Approach to Improve Safety Culture 
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